Motional Stark effect measurements of the magnetic field pitch angle on JET present several difficulties most serious of which is that the injection systems consists of more than one source, each with a different MSE angle. Attempts to describe the net polarisation angle, within the EFIT equilibrium code, using the weighted sum of Stokes vectors, have proved inaccurate. Instead we rely on spectrally isolating the emission of a single source. Beam power modulation is helpful in differentiating background polarised light, but this technique fails in the presence of strong ELMs. Calibration is di cult because of the presence of a mirror in the optical system. The mirror introduces a large optical phase shift which means that the polarimeter has to resolve circular as well as linear polarised components. Basic calibration is carried out off the tokamak using a motorised rotary encoder stage and a six-parameter physical model of the optical and electronic system. This is readjusted using plasma emission, for mirror operation at 300 o C. Some of the operating experience obtained with the JET MSE diagnostic will be relevant to ITER, although the lack of independent power or voltage control of the ITER injectors is seen as the chief challenge facing the ITER MSE design.
.
INTRODUCTION
The motional Stark effect diagnostic has been used for several years on JET. Experience in the operation and calibration of the diagnostic has led to modifications of these procedures. This paper describes the present method of calibration and highlights some of the operational experience relevant to the construction of an MSE diagnostic for ITER.
The details of the JET MSE diagnostic are described in [1, 2] . The diagnostic uses the now conventional approach [3] of a dual Photoelastic Modulator (PEM), the overall arrangement is shown in figure 1 . The JET system is mounted in a radial tube port and therefore incorporates a mirror near to the plasma to view the heating neutral beams. This mirror employs a dielectric lter operating very close to its cut-off wavelength. The optical retardance between S and P-polarised light is the most signi cant parameter of the optical system which has to be established through the calibration procedure. Similar effects might be expected for the first mirror of the ITER MSE diagnostic, particularly if there is significant contamination of the mirror surface.
CALIBRATION
The optical model for the MSE diagnostic describes the entire system as a sequence of 4×4 Müller matricies. The calibration of the system involves tting measurements to this model to establish the values of the physical parameters which it contains.
The rst mirror has an optical retardance, and relative reflectivity, r m . The injector viewed by the diagnostic does not lie exactly in the plane of the diagnostic, therefore light from each point along the plasma radius de nes a di erent P-plane on the rst mirror. The angle of this P-plane, α, which de nes the axis for the retardance and relative reflectivity is a third calibration parameter in the optical description of the diagnostic. The Mnuller matricies for the optical system are therefore,
where M is the matrix for the first mirror and R is a matrix to rotate the light entering the first mirror by an angle α and back by -α after passing through the rst mirror. This is equivalent to rotating the The polarisation detection is achieved by conventional means [3, 5] , using a dual-PEM modulator, linear polariser, avalanche photodiode detector and lock-in ampli er. In the general case, arbitrarily polarised light input to the polarimeter has a Stokes vector,
where I, I c and I u are the intensities of the linear, circular and unpolarised light and γ is the linear polarisation angle. This gives rise to signals at the output of the lock-in amplifiers of
where A 20 and A 23 are the PEM drive amplitudes at 20 and 23kHz. These expressions can be rewritten in matrix form 
The entire transfer function of the diagnostic can therefore be written in matrix form
This series of matricies can be multiplied together to yield the 4×4 calibration matrix for the system.
This matrix multiplies the Stokes vector of the MSE light to yield the four harmonic amplitudes of the output signal. The numerical inverse of this matrix is multiplied with the measured harmonic amplitudes to yield the polarisation state of light at the input to the diagnostic.
Although the system response matrix contains 16 coefficients, the physical basis of the model means that these coefficients are not independent and a much smaller number of free parameters are needed to describe the system response.
Calibration of the diagnostic involves numerically tting the free parameters of the optical model to measurements made of fully polarised light entering the diagnostic. In practice, two extra parameters are required, one, the relative gain of the electronics at 23kHz and the other, the gain at 40 and 46kHz. In the JET diagnostic there is a signi cant reduction in ADC gain at these frequencies, compared to the low frequency response. There are other features of the detection system which a ect these gain parameters: the drive amplitude of the PEMs, if not exact, can be accomodated within these gains; light from off-axis field positions travels obliquely through the PEMs and therefore is a ected as if the PEM was driven at a larger amplitude for these channels; the nite size of the beam passing through the PEMs implies that the overall retardance is some average of that over the beam diameter. Empirically it is found that these non-ideal features of the system can be adequately 
calibration so that it is normal to the line-of-sight. (In operation, the polarised light emission from the plasma is calculated for observation along the line-of-sight.) When all the channels have been separately calibrated then a single calibration of all the channels, in parallel, is used to establish the 0 o polarisation angle of each channel relative to the others. When the diagnostic is installed on JET, a single measurement of the zero o set of the entire diagnostic is all that is required. This is done by ring a beam into a gas-filled tokamak, with only the toroidal field applied.
The bench calibration is carried out at room temperature but the diagnostic is operated at a steady temperature of between 200 o and 350 o C. The first mirror is an athermal design [4] , in that its cut-off wavelength is independent of temperature, but the retardance of the mirror element does show a change between calibration and operating temperatures which must be determined. This is done by scanning the wavelength of the detectors through the MSE emission spectrum. The mirror δ and r m are adjusted such that the MSE π and σ features show an exactly π/2 angle di erence and no depencence of measured angle with wavelength within either feature, figure 3. Again this adjustement is done as a least-squares minimisation. Only the mirror optical parameters are adjusted in this procedure; there is not enough information to be able to fit all the parameters of the diagnostic physical model. However, since only the mirror is being heated, we do not expect that the other parameters of the model will be altered (these are either geometric or electronic effects which will not be affected by heating the mirror).
On ITER the first mirror could suffer from degradation as plasma impurities are deposited on it.
The technique of sweeping the detector through the MSE spectrum, or by using two channels tuned for the σ and π emission, would be useful as a monitor of the first mirror performance. It may even allow, as on JET, for the in-situ correction of changes in the mirror optial properties.
EFFECT OF MULTIPLE INJECTOR SOURCES
As can be seen in figure 1 , the lines-of-sight of the MSE diagnostic intercept more than one neutral beam injector.
The cumulative polarised light signal from this array of injectors contributes to the overall polarisation angle measured by the MSE diagnostic. The range of angles involved is up to 14 , The problem is partially solved on JET by using the π Modulation of the target injector allows a differential measurement, when the Stokes vector for emission in the 'off' phase can be subtracted from the 'on' phase. This is used to reduce the effect of background light contamination and helps to extend the measurement domain of the JET system to higher density plasmas than is possible with a simple beamon measurement. Even with modulation, measurements are not possible in all conditions, particularly during ELMS. We suspect that variations in the background light emission between the 'on' and 'off' periods is the cause of this. In the case of large ELMs it is sometimes possible to manually select measurement periods which avoid the individual ELM events.
In ITER, the injectors are composed of a single, large, segmented source. The convergence 
